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of benzylpyridines of 42 g. (32%) of which approximately 
20% is the 2-isomer and 80% the 4-isomer. 
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5-Sulfanilyl-2-furaldehyde Thiosemicarbazone 

B Y HUGO BAUER 

5-Sulfanilyl-2-furaldehyde thiosemicarbazone was 
synthesized as a compound representing a com
bination of the sulfone and thiosemicarbazone 
groupings. Similar compounds derived from 
methyl, ethyl and w-propyl sulfonylbenzaldehydes 
have been reported in the literature.x Furaldehyde 
was chosen for its stability and the reactivity of its 
5-bromo derivative,2 whose preparation was im
proved by the use of N-bromosuccinimide as the 
brominating agent (Wohl-Ziegler reaction). Con
densation of 5-bromofuraldehyde (I) with sodium 
acetaminobenzenesulflnate (II) yielded 5-acetylsul-
fanilyl-2-furaldehyde (III). The deacetylation of 
the amino group could not be performed satisfac
torily by the conventional acid hydrolysis. By this 
procedure a partially polymerized substance was 
obtained the -analysis of which agreed with 5-sul-
fanilyl-2-furaldehyde (IV). However, after con-
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densation of III with thioseniicarbazide, deacetyla
tion proceeded smoothly in alkaline medium, 
yielding 5-sulfanilyl-2-furaldehyde thiosemicarba
zone (VI). The solubility in water of this compound 
was too low for practical purposes. To obtain a 
more soluble product, VI was condensed with 
sodium formaldehyde sulfoxylate.3 The resulting 
compound VII had a solubility of 0.4% in water at 
23°. 
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Experimental 

5-Bromo-2-furaldehyde (I).—The reported2 yield of 34% 
was raised to 6 8 % by the use of N-bromosuccinimide as the 
brominating agent. The melting point of 81.5-82" was the 
same as reported in the literature. 

Sodium ^-Acetaminobenzenesulfinate (II).—Instead of 
the procedure described by Ferry, Buck and Baltzly4 for 
the preparation of the sodium salt of ^-acetaminobenzene-
sulfmic acid, the following procedure was applied to advan
tage. The sulfuric acid6 (59.7 g., 0.30 mole) was suspended 
in 600 cc. of 9 5 % ethanol and dissolved by the addition of 
30 cc. of 10 JV sodium hydroxide. In case there was a resi
due, the solution was filtered immediately. The sodium 
salt began to crystallize after a few minutes. To complete 
the precipitation, about 300 cc. of ether was added and the 
mixture kept in the cold room overnight. The yield was 
58-65 g. (75-84%). This product contained two moles of 
water of crystallization, which could be removed by drying 
in vacuo at 100°. 

Anal. Calcd. for C sH„NNa03S-2H20: H2O, 14.0. 
Found: H2O, 14.4. 

S-Acetylsulfanilyl-2-furaldehyde (III).—A mixture of 
51.4 g. (0.2 mole) of the dihydrate of I I , 35 g. (0.2 mole) of 
bromofuraldehyde (I) and 150 cc. of ethylene glycol mono-
ethyl ether was refluxed in an oil-bath for 45 minutes. Ad
dition of 250 cc. of water to the cooled solution produced a 
light colored crystalline precipitate which was collected, 
washed with water and dried in a desiccator. The yield was 
47-51 g. (80-87%). Recrystallization from ethanol gave a 
product melting at 172-173°. 

Anal. Calcd. for Ci3HnNO6S: C, 53.23; H, 3.78; N, 
4.78. Found: C, 53.21; H, 3.90; N, 4.70. 

Deacetylation of I I I by heating with hydrochloric acid 
(sp. gr. 1.12) afforded a compound of no definite melting 

point in 74% yield. The 
presence of a free amino 
group could be shown by 
diazotization and coupling. 
The analysis agreed with the 
formula of 5-sulfanilyl-2-fur-
aldehyde (IV). 

Anal. Calcd. for CuH9-
NO4S: C, 52.58; H, 3.61; 
S, 12.76. Found: C, 52.50; 
H, 4.20; S, 12.72. 

5-AcetylsulfanilyI-2-fural-
dehyde Thiosemicarbazone 
(V).—To a solution of 29.3 g. 
(0.1 mole) of I I I in 500 cc. of 
hot 9 5 % ethanol, a solution 
of 9.1 g. (0.1 mole) of thio
seniicarbazide in 50 cc. of 2 JV 
hydrochloric acid was added. 
Pale yellow crystals (34 g., 

NHCH2SO2Na 94%) of the thiosemicar
bazone separated. They 
melted with decomposition 
at 240-242°. 

Anal. Calcd. for C14Hj4-
H, 3.85; S, 17.50. Found: C, 45.98; 
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H, 4.00; 

45.89; 
17.53. 

5-Sulfanilyl-2-iuraldehyde Thiosemicarbazone (VI).— 
Compound V (18.32 g., 0.05 mole) was heated on the steam-
bath with 100 cc. (0.5 mole) of 5 JV sodium hydroxide solu
tion for 15 minutes. Upon cooling the clear brown solution 
a sodium salt separated which was dissolved by the addition 
of an equal volume of water. The mixture was acidified to 
litmus paper by the addition of about 225 cc. of 2 JV hydro
chloric acid. The cream-colored crystalline precipitate ob
tained was collected, washed with water and dried in a 
desiccator. This material (16.1 g., 91%) contained 1.5 
moles of water of crystallization (Calcd.: H2O, 7.69. 
Found: H2O, 7.63). When heated in a melting point tube, 
it frothed a t 140° with loss of water, then decomposed at 
199-200°. From 7 5 % ethanol pale yellow anhydrous blades 
were obtained which decomposed at 207°. 

(4) "Organic Syntheses," 22, 31 (1942.) 
(5) "Organic Syntheses," Coll. Vol. I, Second cd., John Wiley antl 

Sous, Inc., New York, N. Y., 1941, p. 7. 
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Anal. Calcd. for Ci2Hi2N4O3S2: C, 44.43; H, 3.73; S, 
19.77. Found: C, 44.36; H, 3.84; S, 19.87. 

The presence of a free amino group was shown by diazo-
tization and coupling with F-salt to form a deep red dye. 

Condensation Product of Sodium Formaldehyde SuLfoxyl-
ate with 5-Sulfanilyl-2-furaldehyde Thiosemicarbazone 
(VII).—The condensation product was prepared in 93% 
yield, using the procedure of Raiziss.3b Recrystallization 
of 21.5 g. of the product from 300 cc. of boiling water with 
the addition of 1 g. of sodium bicarbonate yielded 14.4 g. 
of colorless crystals. The solubility in water at 23° was 
about 0.4%. 

Anal. Calcd. for Ci3Hi3N4NaO6S3-
1AH2O: C, 36.02; 

H, 3.26; N, 12.93; Na, 5.31; S, 22.19; H2O, 2.08. Found: 
C, 35.97; H, 3.51; N, 13.10; Na, 4.96; S, 21.35; H2O, 
2.29. 
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5-Methyl-2-cyclohexenone 

BY JEAN P. BLANCHARD AND HARLAN L. GOERING 

In connection with synthetic work now in 
progress, large quantities of 5-methyl-2-cyclo-
hexenone (IV) were required. We have found that 
this compound can be conveniently synthesized 
from the readily available 5-methyl-l,3-cyclo-
hexanedione1 by a scheme which parallels that of 
Frank and Hall2 for the preparation of 5-isopropyl-
2-cyclohexenone. 

Optically active IV3,4 as well as the inactive 
material6,6 have previously been reported by 
several workers. In cases where physical proper
ties of IV are reported4,5 agreement among the 
earlier workers is satisfactory; however, con
siderable discrepancies in the melting points of the 
semicarbazone derivative have been observed. 

Inasmuch as the product obtained in the present 
work has physical properties which differ con
siderably from the previously described material4,6 

we have investigated the structure of our material. 
Analysis, ultraviolet absorption, reduction to 3-
methylcyclohexanone and method of synthesis 
provided the necessary evidence for believing the 
structure to be 5-methyl-2-cyclohexenone.7 The 
ultraviolet spectrum was typical for singly sub
stituted a,/3-unsaturated ketones,8 showing a peak 
at 225.2 mM (log e 4.0). 

In order to clarify the discrepancies between 5-
methyl-2-cyclohexenone obtained in our work and 
the material described in the literature4,6 we have 
repeated Godchot's synthesis and indeed obtained 

(1) A. W. Crossley and N. Renouf, / . Chem. Soc, 107, 602 (1915). 
(2) R. L. Frank and H. K. Hal , Jr., THIS JOURNAL, 72, 1645 (1950). 
(3) A. Kotz and H. Steinhorst,'4«B., 379, 1 (1911). 
(4) M. Mousseron, et al., Bull. soc. chim. France, 11, 610 (1946); 

M. Mousseron and F. Winternitz, ibid., 12, 67 (1945); M. Mousseron, 
F. Winternitz and R. Jacquier, Compl. rend., 224, 1062 (1947). 

(5) M. Godchot and P. Bedos, Bull. soc. chim. France, [4] 39, 83 
(1926). 

(6) A. J. Birch, J. Chem. Soc, 1270 (1947). 
(7) Presumably this material contains the equilibrium amount of the 

#,7-unsaturated isomer. 
(S) R. B. Woodward, THIS JOURNAL, 63, 1123 (l'J41). 

the material described by him. This material has 
not as yet been identified; however, comparison 
of physical properties and of derivatives clearly 
showed that the compound is not the alleged 5-
methyl-2-cyclohexenone. The Birch synthesis6 was 
also investigated and found to give IV in low yield. 

In the present synthesis 5-methyl-l,3-cyclohex-
anedione is converted to the enol ether I, which 
is subsequently i educed with lithium aluminum 
hydride to IV. 

The conversion of an enol ether of a /3-diketone 
to an a,/3-unsaturated ketone by reduction with 
lithium aluminum hydride has previously been 
described2; however, this method involved an 
inverse addition and use of an excess of ketone. 
We have found that the inverse addition is not 
necessary and indeed gives a poorer conversion 
than does the general procedure of Nystrom and 
Brown9 for the reduction of ketones. The forma
tion of a ketone, IV, from a reduction involving 
excess lithium aluminum hydride suggests the 
following reaction path in which the intermediate 
l-ethoxy-3-hydroxy-5-methylcyclohexene (III) is 
converted to IV by hydrolysis to the /3-hydroxy 
ketone followed by dehydration. 

CH8 CH; 

EtO 

EtO 

Basic10 as well as acid hydrolysis of the metal 
alcoholate (II) yields IV. 

Experimental11 

5-Methyl-2-cyclohexenone (IV).—5-Methyl-l,3-cyclo-
hexanedione, m.p. 128-129° (lit.1-" 128° and 127°), was 
prepared in 55% yield from ethyl crotonate and ethyl aceto-
acetate by a modification of the procedure of Crossley and 
Renouf.1 This modification consisted of removal of most 
of the ethanol by distillation under reduced pressure instead 
of by azeotropic distillation with water. The dioxime melted 
at 155.5-157.5° (lit.13155-157°). 

5-Methyl-l,3-cyclohexanedione was converted to 3-eth-
oxy-5-methyl-2-cyclohexenone (I), b.p. ca. 83° (0.1 mm.) 
in 93% yield by the method of Frank and Hall.2 After 
crystallization from aqueous acetone it melted at 41-43° 
(reported for the monohydrate,12 42°). The enol ether was 
converted to IV by lithium aluminum hydride reduction. 
Best results were obtained by the general procedure of Ny
strom and Brown9 for the reduction of aldehydes and ke
tones. In this way a 92% yield of IV was obtained, b.p. ca. 
60° (8 mm.); n™D 1.4739; d»t 0.947; MR calcd. (no exal
tation), 31.9; MR found, 32.7. Ultraviolet absorption 
showed a peak at 225.2 mp (log e 4.0, 0.006 g. per liter of 
95% ethanol solution). 

Anal. Calcd. for C7Hi0O: C, 76.32; H, 9.15. Found: 
C, 76.08; H, 8.99. 

The inverse addition method of Frank and Hall2 gave a 

(9) R. F. Nystrom and W. G. Brown, ibid., 69, 1197 (1947). 
(10) L. H. Amundsen and L. S. Nelson, ibid., 73, 242 (1951). 
(11) All melting points are corrected. 
(12) C. Gilling, J. Chem. Soc, 103, 2029 (1913). 
(13) D. Vorlander and F. Kalkow, Ber., 30, 1801 (1807). 


